
 VASOPRESSIN:  

from VNTRs to cellular mechanisms to emotion… the fraught nonapeptide 











“We first examined the arginine vasopressin 1a 
receptor (AVPR1a) promoter region microsatellites 
(allele frequencies for RS1 and RS3) and the 
serotonin transporter gene (SLC6A4)… to compare 
allele and haplotype frequencies between two 
groups, dancers versus athletes. … Single-locus 
analysis showed significance for the RS3 marker 
and a two-locus haplotype (RS1 and RS3). When 
the AVPR1a  polymorphisms were analyzed 
conditional on the SLC6A4 polymorphisms, highly 
significant differences in allele and haplotype 
frequencies were observed.  
 
microsatellite promoter-region instability may be a 
major factor producing diversity in both region-
specific gene expression and the resulting 
phenotypes 
 
association between AVPR1a and dancing may be 
reflecting the importance of social relations and 
communication in the dance form and that both 
dance and its associated gene, AVPR1a, contribute 
to molding social interactions from the molecular 
level to the dance floor.” 



What level of analysis do these 
figures show?  What levels were 
covered in the paper? 
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DIRECT EVIDENCE THAT AVP ACTIVATES STRESS PHYSIOLOGY 
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A AVPR1A ASSOCIATION THAT REALLY GETS YOUR ATTENTION: 
Note: this is a DZ twin study 



Overall effect size 
for RC334 on 
marital success 
was 0.27 = small / 
moderate 

CLEARLY, THIS IS 
ONE 
NEUROPEPTIDE 
RECEPTOR WE 
WANT TO KNOW 
MORE ABOUT! 



http://www.li
fe.illinois.edu
/xiang/image
s/gpcr.gif 



Generic peptide GPCR. 
The exact intracellular signaling mechanisms for the 3 vasopressin receptors are not yet known, 
but the the brain receptors do open cation channels as shown 
          web.virginia.edu/Heidi/chapter34/Images/8883n34_19.jpg 



Human AVPR1A is situated on chromosome 12q14–15 (9). 
Whereas there is no sequence in the human AVPR1A 5 flanking 
region homologous to the one found in prairie voles, humans do 
have three repetitive sequences in this region that are polymorphic: 
A (GT)25 dinucleotide repeat, a complex (CT)4-TT-(CT)8- 
(GT)24 repeat (RS3), and a (GATA)14 tetranucleotide repeat 
(RS1) (10). ..previous studies have revealed associations between  
AVPR1A repeat polymorphisms and autism (11–13), age at first  
sexual intercourse (14), and altruism (15), suggesting that these  
repetitive sequences may have an impact on human social behavior. 

 What the 
polymorphism is 
 
 
What the 
polymorphism might 
do (main implication: 
more AVP 1a receptors 
in 334 carriers)  



Ann N Y Acad Sci. 2009 Jun;1167:87-102. 



WHERE ARE THESE RECEPTORS IN THE BRAIN?  PMID: 19539696  
But, there are HUGE species differences 



Neuron. 2010 Mar 25;65(6):768-79. 
The challenge of translation in social neuroscience: a review of oxytocin, vasopressin, and 
affiliative behavior. 
Insel TR. 
National Institute of Mental Health, National Institutes of Health, Bethesda, MD 20892, USA. 
tinsel@mail.nih.gov 

HUGE species 

differences in AVPR1A 

distribution and density  
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Functions of vasopressin in the CNS (from Raggenbass) 
Autonomic functions:  
•cardio- vascular regulation 
•temperature regulation  
 
behavioral and cognitive functions:  
•sexual behavior 
•memory processes 
•pair-bond formation 
•fatherhood behavior 
•anxiety and depression 
•social recognition 
 

Physiological functions:  
•Excites spinal motor neurons through V1A receptors in brainstem and 
spinal cord 



HOW DOES VASOPRESSIN EXCITE NEURONS? THAT IS THE CELLULAR QUESTION 

Clues from published experiments (Quoted from Raggenbass)- REQUIRES KNOWLEDGE (E.G., OF 
TOXIN MECHANISMS) AND SOPHISTICATED ELECTROPHYSIOLOGICAL REASONING: 
 
In facial motoneurons, vasopressin acted by generating a sustained cationic inward current, which was 
tetrodotoxin-insensitive [SOMEONE EXPLAIN 1] voltage gated [SOMEONE EXPLAIN 2] and modulated by 
extracellular Ca2+ [SOMEONE EXPLAIN 3]  
 
In hypoglossal motoneurons, the vasopressin-evoked current persisted in the presence of blockade of 
potassium channels [SOMEONE EXPLAIN 4] , and reversed in polarity around − 15 mV, again suggesting the 
involvement of a cation conductance [SOMEONE EXPLAIN 5]  
 
By contrast, in spinal motoneurons located at the thoracolumbar level, the vasopressin-induced inward 
current appeared to arise predominantly through reduction of a potassium conductance [SOMEONE 
EXPLAIN 6] 
 
whole-cell recordings obtained from thoracic sympathetic preganglionic neurons of young rats showed that, 
by binding to vasopressin V1A receptors, vasopressin induced a tetrodotoxin-resistant inward current that 
was in part mediated by pertussin toxin-sensitive G protein activation [SOMEONE EXPLAIN 7] 
 
Current–voltage relationships suggest that the peptide influenced two distinct conductances: it suppressed a 
Ba2+-sensitive K+ conductance and evoked a non-specific cationic conductance that reversed in polarity at 
around −40mV, displayed inward rectification, but was distinct from Ih, a hyperpolarization-activated cationic 
current. [SOMEONE EXPLAIN 8] 



Main points of this figure: Main points of this figure: 



Main points of this figure: 
This figure confused me! These may be the points, but I don’t see 
exactl how they’re illustrated in the plots 
Top: AVP receptors contribute to the inward current produced in 
some motor neurons by  voltage step, probably by opening cation 
currents 
Bottom: Different motor neurons have different responses to AVP. 
This one might be more consistent with inactivating resting K+ 
currents that activating cation currents  

Main points of this figure: 
1. OT and AVP may have opposing effects on central amygdala activation 
2. Different AVP receptors are highly selective for their ligand, so my have 

different functions 



Main points of this figure: 



Main points of this figure: 

(WIKI): The nucleus of the solitary tract, or 
NTS (Latin: nucleus tractus solitarii), is 
located along the length of the medulla 
(with a small portion in the lower pons). The 
solitary tract runs in the middle of the 
nucleus, creating a speck of white matter 
(axons of the tract), surrounded by grey 
matter (the nucleus). This stands out on a 
stained section, which is where the name 
solitary comes from. 
 

http://en.wikipedia.org/wiki/Latin_language
http://en.wikipedia.org/wiki/Pons
http://en.wikipedia.org/wiki/White_matter
http://en.wikipedia.org/wiki/Grey_matter
http://en.wikipedia.org/wiki/Grey_matter


(Quoted from Raggenbass) 
Key questions remaining about cellular mechanisms of neuronal vasopressin signaling: 
(i) What is the exact nature of the cation channel and of the resting K+ channel which are 

activated, respectively suppressed, following vaso- pressin binding to vasopressin V1A 
receptors?  

(ii) What is the intracellular signaling pathway responsible for the excitatory action of 
vasopressin on motoneurons?   
 

On the dual excitatory / inhibitory actions of AVP: 
Recent studies on the mechanism of action of vasopressin, performed at the cellular level or at 
the level of local neuronal circuitry, have revealed a recurrent theme. Vasopressin appears 
to exert its effects, at least in some central nervous structures, in a dual, apparently paradoxical 
manner: (i) by acting postsynaptically, it causes excitation in a specific neuronal population; (ii) 
by acting indirectly, it causes inhibition in this same neuronal population. What may be the 
functional significance of these contrasting actions? A possible scenario could be the following. 
On one hand, the membrane properties of the target neurons are modified by vasopressin in 
such a way that these neurons tend to be excited, i.e. to depolarize. On the other hand, the 
membrane potential of these same neurons tends to remain at or near its original value 
because of the vasopressin-induced increase in synaptic inhibition (or decrease in synaptic 
excitation). By virtue of this circuitry, vasopressin has the potential capability of modifying 
the bioelectrical properties of responsive neurons without significantly altering their membrane 
potential. In other words, vasopressin would act more as a neuromodulator rather than a 
classical neurotransmitter. 



SSR149415 VS 
So is blocking vasopressin a good idea? 
Some drug companies have bet that it is 







But there’s hope for us human men even without AVP antagonists… 
 
Looking at differences in AVP and social behavior across species, it seems that evolutionary 
selection can easily tinker with social behavior by altering the number and distribution of AVP 
receptors in the brain. AVP receptor density is the main difference, for example, between closely 
related montane and prairie voles that have very different social behaviors. This is also 
consistent with the idea that RS 334 allele in humans that’s associated with weaker pair bonding 
has its effect by reducing the number of AVP receptors in the brain. So as long as women do 
their part and select for pair bonding men, men will evolve into the devoted husbands they 
always claim they will be. 


